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Nonlinear Response of Cantilevered Carbon Nanotube in Mass Sensing
Ilkwang Kim, Sooil Lee.
University of Seoul, Seoul, Korea, Republic of. University of Seoul, Seoul,
130-743, Korea.
This study predicts the nonlinear response of a cantilevered carbon nanotu-
be(CNT) for biomolecular mass sensing using simple mechanical model
analysis. The electrostatically resonating CNT cantilever can measure the
frequency shift due to the added mass such as virus, bacterium and various
macromolecules on the CNT. The analysis model of the resonating CNT has
geometric and inertial nonlinearities to understand the complex nonlinear
phenomena as increasing the applied AC and DC voltages with attached
mass on the CNT. The CNT cantilever as a nanomechanical biosensor shows
nonlinear frequency amplitude and phase responses such as softening at
primary resonance through saddle-node bifurcation, and subharmonic reso-
nance through period-doubling bifurcation with different attached mass and
Q-factors.
Figure 1: Concept of electrostatically actuated CNT cantilever.
(a) Without tip mass (, ) (b) With tip mass (, )
Figure 2: Frequency response of CNT cantilever on and (mass ratio ).
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Nanopore based DNA sensing methods use electrophoresis to drive negatively
charged molecules through nanometer sized pores and monitor the change in
ionic current to examine the length or sequence of DNA molecules. It is an in-
expensive and attractive alternative to traditional sequencing and analysis tech-
nologies as it is a label-free, amplification-free, single-molecule approach that
can be scaled for high-throughput DNA analysis. Nanopores have been shown
to be a versatile platform capable of sensing subtle changes in the structure of
biomolecules.
We report the development of robust multilayered graphene-Al2O3 nano-
pore platform for sensitive detection of DNA and DNA-protein complexes.
Graphene-Al2O3 nanolaminate membranes are formed by sequentially
depositing layers of graphene and Al2O3 via atomic layer deposition. Sub-
sequently, nanopores were formed in these stacked membranes using an
electron-beam sculpting process. The resulting nanopore architecture is me-
chanically robust and exhibits state-of-the-art low electrical noise. The plat-
form was used for detection of both DNA and protein DNA complexes and
showed the ability to differentiate structural changes like folding and
protein binding. The structure can also be used for electrostatic potential
control at the nanopore surface to guide ionic current and possibly translo-
cation velocity. The combination of simplicity and versatility makes nanopores
an attractive platform for medical diagnostic applications and DNA
sequencing.
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Nucleosomes are the fundamental packaging unit of chromosomal DNA in eu-
karyotic cells. Its partial or complete assembly/disassembly and positional
variations on DNA are key to epigenetic regulation of gene expression. We
apply the nanopore detection system, in two complementary configurations
to distinguish different nucleosomal substructures as well as their position
on DNA. First, we show detection of different histone complexes and com-
pare them to complete nucleosomes and poly-nucleosomes. We find that
a well resolved ionic current blockade signal through a nanopore distinguishes
populations of these structurally distinct macromolecules, namely the histone
monomers, tetramers, octamers and complete nucleosomes. This presents
a first comparative detection of proteins, protein-complexes and protein-
DNA assemblies using solid-state nanopores. Secondly, we have developed
a new method to supplement video microscopy based optical tweezers trans-
ducer, in conjunction with nanopore current measurements. We show prelim-
inary data of using this methodology for detection of bare DNA and local
protein structures bound on DNA traversing through a nanopore in a controlled
fashion.3703-Pos Board B564
Iron Ions Released from the Stainless-Steel Anode during High-Voltage
Pulse Quench the Fluorescence of Calcein in both Solution and Electropo-
rated Cells
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To study cell electroporation, entrance into or efflux out of the cell of fluorescent
dyes is often studied. However, when a cell suspension is exposed to high-voltage
electric pulses, various electrochemical reactions occur at each electrode-solution
interface. One of these reactions is the oxidation of themetal ions of the electrode.
As a result of this, metal ions are released from the anode into the solution.
In this study, influence of iron ions released from the stainless-steel anode on
the fluorescence of the fluorescent molecules was studied. Calcein, which is
used in studying cell electroporation, as well as anticancer drugs porphyrin-
sulphonate and adriamycin, which can be used in combined application of
the electroporation and photodynamic tumor therapy, were used.
Iron ions suppressed the intensity of fluorescence of adriamycin, porphyrin-
sulphonate, and calcein in solution. In the presence of 2.5 mM Fe3þ, fluorescence
of porphyrin sulphonatewas suppressedby100%, and adriamycin - by50%.When
mouse hematomaMH-22A cells preloaded with calcein were treated by a square-
wave electric pulsewith the duration of 2ms and the amplitude of 1.6 kV/cm, a de-
crease in the number of fluorescent cells was observed: after the incubation for
5 min only 50% of cells were still fluorescent. However, when the cell suspension
was supplemented with 0.55 mM FeCl3, quick decrease in the number of fluores-
cent cells was observed.When 5min had passed after an electric pulse (2min after
the addition of Fe3þ ions), the fraction of fluorescent cells was only 25%.
Therefore, the iron ions released from the stainless-steel anode can quench the
fluorescence of the molecules not only in the solution but inside electroporated
cells as well.
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The innate immunity, acting as the first line of host defense, finely senses and
adapts to foreign challenges through complex intracellular and intercellular net-
works.Differential endotoxinpriming and toleranceelicitedbymacrophages serve
as classical examples for the complex adaptation of innate immune cell. Upon re-
petitive exposures to different doses of bacterial endotoxin (lipopolysaccharide) or
other stimulants,macrophages showeither suppressedor augmented inflammatory
responses, compared to a single exposure to the stimulant. Endotoxin priming and
tolerance are critically involved in both immune homeostasis and pathogenesis of
diverse inflammatory diseases. However, the underlying molecular mechanisms
are not well understood. Through a computational search in the parameter space
with a coarse-grained three-node network
system, we enumerated all the network
topologies that can generate priming or
tolerance. Three cardinal topologies for
priming (pathway synergy, suppressor
deactivation, activator induction) and
one for tolerance (inhibitor persistence)
were discovered. These novel topologies
not only explain existing experimental
observations, but also reveal intriguing
test scenarios for future experimental
studies clarifying mechanisms of endo-
toxin priming and tolerance.3705-Pos Board B566
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Wednesday, February 29, 2012 731aFibrotic diseases are often caused by chronic injuries, and are characterized by
pathological over-activation of certain stages of wound healing, particularly ex-
tracellular matrix secretion. Matrix secretion is driven by the fibrotic cytokine
TGF-b1 (transforming growth factorb1), which is secreted by cells as a latent
complex, and must be activated extracellularly for its biological function. Plas-
min is a direct proteolytic activator of TGF-b1, but puzzling results in fibrotic
animal have shown that the plasmin pathway causes decreased TGF-b1.
We used computational modelling and experimental tests to understand the ac-
tivation of TGF-b1, by plasmin and by the matricellular glycoprotein thrombo-
spondin1 (TSP1). Ordinary differential equations were used to model the
dynamics of activation and feedback. TGF-b1 and TSP1 create a fibrogenic
feedback loop, because TGF-b1 causes transcriptional up-regulation of
TSP1, while TSP1 activates TGF-b1 through conformational change. Simula-
tions showed that, although plasmin is a direct activator of TGF-b1, increasing
doses of plasmin caused a decrease in TGF-b1 activation by cleaving TSP1 and
antagonizing the TSP1-TGF-b1 positive feedback loop. Furthermore, the sys-
tem was capable of bistability, switching between high and low levels of active
TGF-b1. Key predictions of the mathematical model were validated in vitro
with co-culture models of liver fibrosis, which showed inverse correlation be-
tween active TGF-b1 and plasmin. Bistability was demonstrated by showing
hysteresis, where the same system achieved two different steady states, after
being given the same two input stimuli but in opposite orders.
Our model explains how plasmin can decrease or increase TGF-b1 activation,
depending on the presence of TSP1. The bistable transition between plasmin-
mediated and TSP-mediated TGF-b1 activation pathways may be relevant to
the transition between inflammatory and fibrogenic phases of wound healing,
suggesting novel mechanisms for addressing TGFb1-related diseases.
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Multiple myeloma, currently an incurable common hematological malignancy,
is notorious for its recurrence and drug resistance. Our work led to the hypoth-
esis that intercellular communications between myeloma initiating cells (MICs,
a.k.a. myeloma stem cell) and bone marrow stromal cells (BMSCs) during the
biomechanical remodeling of cancer stem cell niches play a key role in mye-
loma initiation and drug resistance. MICs prime BMSCs via SDF-1 paracrine;
the activated BMSCs provide stiffer micro-environment, which boosts sustain-
able tumor growth under drug treatments. Understanding this pro-oncogenetic
positive-feedback loop is thus crucial to the cure of the disease.
In this study we used a 3D multi-scale agent-based modeling (ABM) approach
to investigate the role of MIC-BMSC interactions in tumor growth and drug re-
sponses. The model is composed of four agent types, each representing a cell
type: MIC, BMSC, PC (cancer progenitor cells), and MM (matured cancer
cells). At intracellular level, specific signaling pathways were inferred from
functional proteomics (reverse phase protein array) and gene expression data,
and encapsulated into corresponding agent as ODEs. Intercellular communica-
tions were simulated on the agent-to-agent interfaces. The SDF-1 paracrine was
described by PDEs of mass transfer. Intercellular events were extended to tissue
level as tumor growth by a cancer stem cell lineage model (which includes
MIC, PC, and MM agents). By seamlessly incorporating multi-scale events,
our model quantitatively illustrated the interruption of BMSC contraction re-
duces the change of forming drug-resistant MIC strains and suppresses MIC co-
lonogenesis, which was experimentally validated. Our work answered how the
biomechanical remodeling of cancer stem cell niches via intercellular commu-
nications between tumor and stromal cells affects myeloma drug responses and
prognosis, provided insights into myeloma development mechanisms, and cast
new light on novel drug candidates and treatment strategies targeting the MIC-
BMSC interactions.
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Magnetotactic bacteria possess the unique ability to synthesize intracellular
magnetic particles, known as magnetosomes, which form magnetic chains
and yield cells responsive to the Earth’s ambient geomagnetic field. While sev-
eral genomic regions have been identified that encode magnetosome-related
genes, little is known about how these genes regulate magnetosome production.Here, we explore the genetic response of Magnetospirillum magneticum strain
AMB-1 to an applied electromagnetic field as a means to identify genes acti-
vated by magnetic stimulation. Specifically, we examined magnetosome island
(MAI), magnetotactic islet, flagellar, and cytoskeleton genes. AMB-1 cultures
were subjected to a uniform, high magnetic field (10G) generated by a Helm-
holtz coil for 1 hour, 3 hours or 8 hours. After extracting total RNA and con-
verting to cDNA, quantitative real time-PCR (qRT-PCR) was performed to
measure relative transcription levels. After 1 hour of magnetic stimulation,
gene expression was drastically down-regulated; whereas, gene expression
was up-regulated after 3 hours. After 8 hours, gene expression was relatively
unchanged, indicating that the AMB-1 cells may have adapted or equilibrated
to the field. These results suggest that magnetic stimulation leads to altered
AMB-1 signaling related to MAI activation/deactivation, as well as cytoskele-
tal and flagellar regulatory events. We believe these findings provide several
significant genetic targets for new parts and modules toward an ultimate goal
of creating magnetically-inducible synthetic gene networks.
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A central challenge of biology is to understand how complex phenotypes are
controlled by individual molecules and their interactions. We report the first
computational model which explains the life cycle of an entire organism,
Mycoplasma genitalium, including metabolism, macromolecule synthesis, and
cytokinesis, from the chemical interactions of molecules. The model consists
of submodels of 28 cellular processes integrated through 16 cellular states and
accounts for every annotated gene function. Using the model we identified the
molecular determinates of cellular replication. We found the M. genitalium
cell cycle is 9.05 0.5 h, and that most of its variance is duemetabolism and thy-
midylate kinase expression. Additionally, we found that replication initiation
and DnaA dynamics are a significant source of cell cycle variation among fast
growing cells. We examined the genetic requirements of growth and found
four distinct classes of single-gene deletion strains: wild-type indistinguishable,
early growth cessation,
slow growth decay, and
non-dividing. The model
correctly predicts the ob-
served essentially of > 80%
of genes. Gene-complete
models will accelerate bio-
medical discovery and bioen-
gineering by enabling rapid
in silico experimentation,
facilitating experimental de-




Methyl Dynamics in Biological Macromolecules: Evolution and
Implications
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Recent studies have discovered strong differences between the dynamics of
proteins and nucleic acids (RNA and DNA). This is especially clear at low hy-
dration and low temperatures where the dynamics of methyl groups is empha-
sized. Methyl groups are abundant in proteins, but are absent or very rare in
RNA and DNA. We present a hypothesis regarding the role of methyl groups
as intrinsic plasticizers in proteins and how this can be seen as a result of evo-
lutionary selection to facilitate protein dynamics, and therefore, activity. In
support of this hypothesis we demonstrate the profound effect methyl groups
have on protein dynamics and note the apparent correlation of methyl group
content in different proteins classes and the role of molecular flexibility for
those classes. Moreover, we have observed form literature data and simulation
that the fastest methyl groups of some enzymes appear around dynamical cen-
ters such as hinges or active sites. Methyl groups are also of tremendous impor-
tance from a hydrophobicity/folding/entropy perspective. These significant
